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This application claims the priority of the following U.S. . Provisional patent 
applications: "Catheter Based Smge^VKo. 6MIU21, Filed Febmary 15, 1996 and "Lesion 
5 Locating Method 1 ; No. 607012,275, filed February 26, 19%. This application i$ also related $6 
the following PCT applications, filed on even date as me instant application by applicant 
Biosense Inc., ail of which applications designate, inter alia, the U.S.: "Catheter Baaed 
Surgery" and "Uneatable Biopsy Needle*, both of which were filed in the Israeli receiving 
office and "Medical Procedures and Apparatus using fetrahody Probes", filed in the U.S. 
10 receiving OSes. The disclosure* of ait the above applications are Incorporated herein by 
reference. This application is also related to a PCT application titled "Multi-Element Energy 
Focusing", nlad on even date in the Israeli receiving oSSee. by applicant ^ 
FIELD OF THE INVENTION 
The present invention relates generally to m« 
XS to systems for therapeutic irradiation of parts qf She body. 

BACKGROUND OF THE INVENTION 
Irradiation of internal portions and organs of the body, using eiecfiremagnetie or 
ultrasonic radiation, is well known, for a variety of ti 
examples include garnrna-inadianon of tumors, RF 1 
2 0 iithosipsy of kidney stones. 

Typically one or more radiation somrbes are placed outside the patient's body and are 
aimed at appropriate points on the surface of the patient's body, so that the r 

the desired target area or organ inside the body, t» order to r 
: of the radiation on a target organ or area, while reducing 

target from different angles relative to the body. T« 



Accurate radiation planning in this and other methods of radiation therapy is hampered 
by refraction m& scattering of the radiation by body tisanes, particularly in u 
30 When multiple radiators are u* 



also cause deviation of radiation immdty en the target inside the body from the <Ses$red level 
Because of anatomical variations frnm pat en; to patient, t s difficult to predict action the 
actual intensities and relative phase angles of one m nm* famm M radiation that win impinge 
on a target area inside the body due to a given arrangement of radiators outside the body. 

U.S. Patent 5,419,32? to Rohwedder et si, the disclosure of which is incorporated 
1 by reference, describes a acoustic therapy apparatus where reflections of a shock-wave 

io that the Mure Shockwaves hit the 




S >at*a 4,620,54 ) *dda ei ai that! 



hyperthermia t 



.sdueer. The relative positions of the two 
location of the fecal area of the hyphemia 
data of she hypenherawa transducer or front 




focal area, A symbol designating the foes! area h 



by the 




SUMMARY OF THE INVENTION 
It is, therefore, an object of the present invention to provide s r 
nining the intensity of radiation tmpiogjng on a target inside the body, 

d ia finding optimal positions, orientations and/or phases of r* 



.15 



body tor purposes ct radiation, therapy. 
In a further object of the preser 



sratus 8 provided for determining the 



intensity aftm&w tespisgmg m a target hmdt the body. 

In preferred embodiments of the present invention, a radlatio»«m«astdng' .mm- k 
to the dtst&t end (or a seastag portion) of a probe for insertion into the body. In 
of the motion, the sensors are not at & distal end of the probe, for 
20 example, when the probe k an implantable probe. The probe h inserted into the body so that 
its distal end is tested inside or adjacent to a target area in the body. The probe sensor 
provides signals indicative of the radiation Intensity in the target area. 

are positioned in proximity to the body. Driver circuitry drives the radiators to e 
25 dinc&d toward -.the target area. U» intensity of radiation at the probe is measured by the 

intensity to a desired value. 

Preferably tins desired va!«« is a maximum value of intensity measured at the target for 
i given, constant level of k ' o e > r c ' > 

3 D context, the total irradiation power is the sum of the irradiation powers of all of the radiators 
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§ two or 

of the radiators are adjusted to Include d respective phases 
S and/or frequencies of electrical signals driving the radiators aad/or their positions and-'or their 
- i < o be tad < ! he 3 a 

Preferably the phases are adjusted so as to enhance constructive interference of 
multiple radiator beams at the target, and/or prevent destructive interference effects a; the 
target. 

10 Alternatively, She fi-equencies 

effects, by driving two or more of** n 

the adjustment of the radiators is maintained at an initial level, which is substantia^- ; 0 wer 
t&aa a therapeutic level of total irradiation power. After the adjustment has been completed, 
15 the total Radiation power is increased from the initial level to the therapeutic level, so as to 



softhep 



risene. 



body so that its distal end is located adjacent to the target area, at a known £ 
teste. Preferably the displacement is verified by X-ray, ultrasound, endoscopy or other 
20 Imaging methods tmovm In the art. After the characteristics of the radiators have been 
adjusted so as to bring the intensity measured by the probe sensor to the desired value, the 
a by a knows amount, ibr example fay rotating the radiators by 
tg. the intensity of radiation impinging on the t&tget to a value 
it was measured by the probe sensor. 
2 5 In some preferred embodiments of the present invention, the radiator control circuitry 




patient or of the patient's internal organs, Preferably the radiators are adjusted to initial 
positions, orientations and/or phases as described ahove. Radiator control circuitry then 
30 adjusts the characteristics of she radiators in response so changes in the intensity and/or phase 



4 
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l by the probe, so as to i 



i intensity at the desired 



2C 




the heart, the radiator control circuitry ad. 
positional changes of & target area and/or the k 
10 cycle. 

In still other preferred embodiments of the j 




sensor, such as a biounpedan 
hwm h art. For each of two or more points in t 
respiratory cycle, as determined by the respiration sensor, measurements by the probe « 
arc used to determine a respective adjustment setting of the characteristics of the radiators, 
Preferably the total irradiation is maintained at a relatively Sow, initial ievs! during this process 
of adjustment, as described above. After adjustment has been completed, tit? total irradiation 
2 5 is increased to the therapeutic level. Radiator control circuitry then adjusts the characteristics 
of the radsators cyclically during the respiration cycle between the appropriate, respective 
aeht st >ae v f s ' ' r > sensor. 

gradually, so that the 



5 
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y cycle following exhalation, during which 
5 thoracic volume is at a mimmuavaad whose duration is typically 30-40% of the duration of 
the entire cycle. A respiration sensor, as described above, is used to monitor the respiration 
cycle and determine, during each respiratory cycle, when, the selected ponton - t % reached. The 
radiators are maintained at the adjustment setting determined for this portion. The total 
irradiation is controlled cyclically so as to provide 3. relatively high, therapeutic, level of 
1 0 irradiation power during she selected portion of the respiratory cycle and to provide a low level 
i, during ofoer portions of the cycle, 
in preferred embodiments of the | 




••• • rode and phase 
suitable type known in the art, 
20 Ln some pretense 



id sensor may he of any 

:he ultrasonic radiators or 
as m known in the art, 
* i < ~ target 




she art, and the sensor measures the intensity of this 
be of any suitable type known in the art. 

In other preferred embodiments of the ;ps 
30 hyperthermic therapies, for example, the probe includes a thermal 
or other temperature-seeing device known in the art, which 



useful particularly in 
or, such as a thermistor 
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adjacent to the 
levels of the t 



period of 



5 In one such preferred embodiment, the probe further includes a radiation sensor, for 

example for measurement of ionising radistiom Preferably the target area is firs? heated, for 
example by ultrasound or microwave irradiation. When a desired temperature has been 
reached, preferably 42-45% one or mote sources of ionizing radiation irradiate the target with 
ionising radiation, it has been found that become foe target n :n:co- dance * r:h th.s method 
1 0 Ranees foe effeetivesess of the ionizing radiation In It 
As can be a 




prayMmg a probe inside the body, such that at least a sum 
or adjaeent to the moving target area; 
2 Q generating one or more radiation fields in & vicinity of the target area; 

measuring a physical parameter related to the radiation fields at the sensing portion of 



: least one of the radiation fields in response So : 

adjusting at feast one of me radiation fields includes 
; position of a radiator that generates one of the one or more radiation fields, 
Additionally or alternatively, adjusting at least one of the radiation fields includes 
varying a power level of the radiation Held. 

Preferably* generating one or more radiation fields Includes generating a directional 
30 x u - f rad a ion mi ad aso 5 at ie at one of the f n ft elds includes idju tt g re 
n of foe directional beam of radiation. 
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efe at t - < 1 ^ ( ne of the 

radiation fields includes aiming the radiation fields commonly at the target area. 
5 In prefesred embodiments of the present invention in which she at least two radiation 

fields have a common frequency, adjusting at least one of the radiation fields preferably 
includes adjusting a phase thereof. 

Preferably, measuring a physical parameter at the sensing portion of the probe includes 
measuring & phase of at leas? one radiation field thereat and/or measuring the intensity of 



10 



< a probe in fee body includes inserting the probe so that i 
* to the target area, and a displacement of the sensing 
of the probe relative to the target area is determined. Preferably, the adjustment of the t< 
.fields is altered m response to the displacement of the sensing portion of the probe from the 



at least one of then 
to a physiological 



K m& m a preferred embodiment of the 
invention, includes cyclically vatying the Nation tieM between two or more adjustment 
seating* in response to a cyclical physiological motion. The method preferably additionally 
includes receiving signals indicative of the physiological motion. Preferably, cyclically 
varying comprises applying irradiation substantially only at a portion of the physiological 



Preferably, dynamically 
motion h 
25 and/orto 



$ to a physiological 



includes generating a field of c: 

Preferably, measuring a physical parameter at the sensing portion of the probe includes 
30 measuring a temperature thereat, and adjusting at least one of the taxation fields includes 
reducing a power level of at least one of the one or more radiation fields when a desired 
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and/or increasing a newer level of& Oeid of ionizing radiation when a 
borfimen* of the present foveotioo, the method described above 



I th* probe kside the body for at leas? two consecutive rsdtaf 
There is also provided in accordance with a preferred embodiment of the invention, a 
method of optimising irradiation of a moving target area maids the body of a subject, 
including, 

10 providing a probe inside the body, sueh that at least a sensing portion thereof is inside 

or adjacent to the moving target area; 

generating one or more radiaika fields k 3 vicinity of the moving target area; 
determining a relative orientation between said fields and said probe; and 
adjnsting at least one of the radiation fields m response: to said determked relative orientation. 
1 5 Preferably, adjusting at least one of the radiation fields comprises adjusting an ktemnry of the 



t of the t 



* tor irradiation of a target inside the body of a subject, including: 
g a sensor at a sensing portion thereof, which is inserted kto the body to 
2 0 a position k or adjacent to the target; and 

one or more radiators, which generate energy fields in the body k the vicinity of the 



wherein the se $ y? i with the energ> OeMs 

generated by the one or more radiators, and 

s has one or more adjustable 
racteristks of at least one of the 



30 



a by the s= 
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Preferably, the probe includes a lumen, which is used t< 



i of the at feast erne s 



■ fee phase and/or power fevel of radiaiiorj 



> b at feast on< of the one 
■ n, nd th« one or n re adjustable ci 
bmm of radiation generated by the radiator, 
Preferably, the apparatus 
1 0 one of the one or mere adjustable ebsrseieristics 
n of fee target 

; a Physiological 
e of physiological motion which sij^afe&ro ?«c$ly«t| bythe 



mcfede feo direction of feed 




There is tm c ,«tr« with a preferred embodiment of the 



25 




of the target tissue. 

ih& W*thod includes adjusting an output parameter of said as least one 
responsive to said determined irradiation path. Additionally or aUemahvely, fee 
is practiced while the first tissue is m physiological motion. Additionally or 
10 
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> are 



>ns or more radiation fields m a vicinity of the 
of said plurality of radiators; 

aieasuring a phase of said radiation Ms at the seas 
repeating generating and measuring at least a second tins 
of said plurality of radiators. 

Preferably, the method tadndes irradiating the target 



the body of a subject, 

portion thereof is inside 

* area, osiug at least one 

of the probe; and 

tg at least a second one 

using said plurality of 



mtted by other transducers of the plurality of 
a beam toroung slensexst for increasing 
Preferably, the beam forming element is integral to ft 
lortmng element ?s a lens. 

In a preferred embodiment of the invention, the beam 
is out-of-foens. 

Alternatively or additionally, the amy is operative t 



cai point many direction in space 



wo $7mm9 
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i embodiments of the present invention are 5 - 
Figs, SA §nd SB show the relative angular extent of ultrasonic -fc 



Figs. ,SC and 5D show preferred 1 



DETAILED DESCRIPTION OF PREFERRED 
U..S, provisions! patent application no. 60MI721, 
IS, 1996 and a PCT application of like title ff 
*h assigned to the assignee of the pr 

spfc, in treating tumors located inside the body, A 
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ultrasound radiation from one or mare radiation sources. The ultrasound waves rapidly heat 
the mierofeubbies, causing them to expfode ssd destroy surrounding tumor tissue. 

Fig. 1 shows a probe 20 for insertion into the body of a subject, in accordance with a 
preferred embodiment of the present invention. Probe 20 as shown is a rigid sadder, of a type 
5 knows, in the art, which is preferably inserted surgically into the body so that she probe's distal 
cod is positioned in or adjacent to a target area for radiation therapy. Alternatively, probe 20 
may be a flexible catheter, which may be inserted into the body through a blood vessel, or it 
may be another type of invasive probe, as k known m the an. Preferably probe 20 also 
Includes a lumen 2/, Probe 20 may also include an endoscope or other >mlrnmallv invasive 

1 C probes as known in the art. 

position in fee body may be verified by X-ray imaging. Other methods of imaging known in 
the art, such as ultrasound or endoscopic imaging, may also be used for tins purpose. 
Alternatively or additionally, probe 20 may include a position-sensing device 21, such m 

IS electromagnetic position determination devices disclosed m U.S.. patent to Ben- 

Haas, and PCT patent application numbes POVUS9 filed January 24, 1995, now 
published as WO96/05768, which are assigned to the assignee of the present application and 
whose disclosures are incorporated herein by .reference, or other devices kmm m the art. 

As shown in Fig- h sensor 22 is fixed adjacent to the distal mi of probe 20. In one 

20 preferred embodiment of the invention, sensor 22 is a miniature ultrasound transducer, of a 
type known in the art, which generates voltage signals responsive to the amplitude of 
ultrasound waves impinging thereon. These signals are conveyed by wires 24 to signal 
processing unit 26 outside the body, 

In the preferred embodiment of the present invention shown in Fig. L unit 26 includes 

2 5 a waveform display 28, which displays the amplitude of signals received from sensor 22 as a 

function of time, and enables an operator to observe changes in the amplitude and phase of the 
signals, in the course of adjusting radiators used in the radiation therapy, as will be described 
below. 

In other preferred embodiments of the present invention, unit 26 is designed to analyse 
30 the signals automatically, for example using devices arid methods of frequency and phase 

13 
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analysis known in the art, and Jo output ; 



frequency and phase da; a derived 



Fig. 2 
In accordance with pr 



s: the; use of probe 20 in an ultrasound therapy procedure, 
wmm of fee present invention. A- patient 30 is shown 



5 lying on an operating table 32, and profcs 20 is percutaneous!? inserted so that its distal end h 
located in a tumor 34. Ultrasonic radiators 36, 38 and W, of types known in she art. are 
adjustably mounted to a mounting arm 42, and are direetionaliy adjusted so *s to irradiate the 
area of tumor 34. Alternatively, directional adjustment of the radiators may be accomplished 
by means of internal aimmg mechanisms, known in me an. Radiators 36, 38 and 40 and 
1 0 patient 30 may be immersed in a water hath (not shown), as well known m the art, or they may 
he coupled to the patient using a coupling gel A radiator driver console 44 includes driver and 
•tving the radiators, along with user controls 46 and a display 48, Is * 
of me invention, radiators 36, 38 and 40 are ail drives to emit radiation 




similarly be injected and used in conjunction with the system shown in Fig, 2. 
2 S In accordance with preferred embodiments of the present invention, preferably, before 

the optional injecting ©f microbubbles, and before activating all three radiators 36, 38 and 40 
at full therapeutic power levels, console 44 is set to drive the radiators at lower intensities, so 
as to allow their orientations aim phases to be adjusted. First, each of radiators 3d, 33 and 40 
is activated in turn, and its orientation or direction is adjusted so as to maximize the radiation 
30 „ v. p, metered N sen.o: 33 1 , the « t e ,t mdsatto- em * * tn «jch of the 

is adjusted against a common reference, so as to cause the respective radiation fields 
14 
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r 22 to be 



f 22, 



;ewi;h one another. Then ail 
/ of console 44 is r. 
readjusted as necessary. As h 'mown in the art, when ail she fie 
the radiation intensity In the target area *djae*m to the prob* 
5 constructive interference, while imenslty in other area of the body will be lower, Thus, the 
therapeutic effect of the radiation on tumor 34 can fee maximized, whits limning the damage to 
other tissues due to unwanted irradiation. 

After the orientations ssd phases of radiators 36, 3S and 40 have been adjusted, the 
radiation intensity due to the three radiators is preferably measured by sensor 22, so as to 
10 calibrate the driver end control circuitry so that a desired intensity of radiation may fee 
generated by the radiators in the target area, The patient is then prepared for radiation therapy, 

and dte circuitry is adjusted and activated so as to drive the radiators to give a desired dose of 

IS Alternatively, in other preferred embodiments of the present invention, when 

JMfcm among the Melds of radiators 36, 3W 40 is not desired, console 44 is; « 
so as to drive each of the radiators at a different fiequeosy. In this « 
above may be used to adjust the orientations and/or positions of the t, 
driver and control circui try, but adjustment of the phases Is not p 
20 Adjustment of the radiators and console circuitry Ln accordance with t 

■f by an operator of the system shown in Fig. 2, 
s of the 

directly from signal processing unit 26, and tl 





Although fot simplicity ofiliustrattom metered erabaan ents of the p 
are described with reference to an array of three radiators, it will be appreciated that the 
methods and inventive principle* of the present invention are equally applicable to radiator 
arrays comprising mo. four or mote radiators, or an NxM matrix of radiators. Similarly, 
preferred embodiments of the present invention may fee described with reference to a single 
, which irradiates a target area in the body from a plurality of different positions in 
IS 




of fee probe 



is Fi& % map 



it of the 0 



e20 



is smertsd isuo the 



ml cavity of a pattest 30 at a smsK distance ameri«r to 
wMsa cvntw* a tumor 52 to be treated by ahmoimd hypenbcrmic therapy, for 

system {not shown in the figures), as knmm m the sn> Is «sed to observe die position 
20 relative t© tumor 52 ssnd to determine art approximate vector dispkesmem, 3 , of 



After probe 20 has been 




substitute shest puts asi 



wo mmm 




value of Intensity hi the arts, of tumor 52, 
5 la a preferred embodiment of the invention, irradiating a target tissue is achieved by 

teed at the target tissue. Preferably, the array u an NxM rectangular array of transducers. 
Preferably, the irradiation frequency is about 700 kBX which allows the focal size of the beam 
to be about 2-3 cubic millimeters. For this focal size many individually controlled transducers 
1 0 .may be seeded, preferably, a few hundred, more preferably, at least a thousand. 

sy f She focal point of the beam may be moved m fees dimensions. To achieve 
f of ufcrasomc ims&ieers, the beams generated by individual 
. to have a considerable overlap. In general if each individual 
f is small it emits a wide beam. Fig- SB shows overlapping beams emitted by 
.small transducers 74 and ?& However* the energy level attainable by sa ah a 

ween beams of adjac 




20 transducers so the array can act as a phased array. Fig, 5B shows r 
emitted, by adjacent large transducers 70 and 12, 

& a preferred embodiment of die invention, large transducers are modified so they emit 
beams with a large angular extent Fig. SC shows a first such preferred embodiment, where a 
transducer ?S (and 80} has a focusing lens 82 (and 84) formed as an integral part thereof, if the 

25 focal length of lens $Z (and 84) is sufficiently short, the beams emitted by individual 
transducers, such as transducers 78 and SO, diverge and overlap. 

Fig, 3D shows another preferred embodiment of the h 
are modified to emit beams with a large angular extent. Fig. 5D s 
where a defneusing lens 90 (and 92) is formed at the end of transducers §6 (and 8S), 
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is \ mm thick 



profile am of at least ! sm* jfreferafely, the jafefSe area is between I and 4 a 
the profile area is between 4 and 9 mn& hwther optionally, the profile area is greater than 9 
mm*, preferably si least 16 mm* The txmsdnoer army k preferably tool of 60x60 such 
elements. In § preferred embodiment of the invention, the array Is formed of between 200 and 
10 ,600 elements. Optionally, the army is formed of between 600 and 3000 t 
optionally, the array is formed of batmen 3090 and 6<KK> demes 



, 3D 

s for ultrasonic 

irradiation. Thus, propagation path mors are reduced, mere, necessary, multiple arrays may 
bs positioned around a pattern and individually controlled to focus on target tissues. Sueh 
arrays may bo smaller than a single large array sod still irradiate the target tissue with a 

2 Q similar (total) amoaat of energy. 

If an especially precise iocosing of ataasomc energy is desired, profee 20 may be 
brought into the location to be irradiated for detemumsg the setup of the transducer array to 
focus energy at sensor 22. Probe 20 is then moved oat the irradiation location so that the tissue 
enters ;he volume previously taken up by probe 20. When the energy is radiated at the tissue, 

25 the volume previously occupied by sensor 22 is focal point of large amounts of energy. 
Alternatively, an antenna (not shown) is attached to sensor 22. The antenna is j 

tissue location. Thus, irradiation levels can fee monitored during the utadiatio 
when the focal stee is smaller than probe 2G> Sueh an antenna may fee made of s 
4 (for aSaw«d Irradiation) or the antenna may bo a micro 
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{for microwave irradiation). Alternatively, the focal size of the array is mads larger than the tip 
of probe 20, so that sensor 22 cm monitor actual energy levels delivered to tie tissue. 

Although the above preferred embodiments have been described with reference to 
ultrasonic irradiation of a target area Is the body, in other preferred embodiments of the 
5 present invention, the radiators are electromagnetic radiators, which emit radio-frequency 
radiation, and the sensor measures the amplitude and phase of electromagnetic waves, the 
radiators and sensor may he of arty suitable type known in the art, for example, 
elertromagneac coils. 

In still other preferred embodiments of the present invention, the radiators emit 
10 ionising radiation, such as gamma radiation, X-rays or other types of high- energy radiation 
known so the art, and the sensor measures the intensity of this .radiation, The radtatora and 
sensor nosy likewise be of any suitable type known in the art, for example X-ray tube radiators 




2 0 invention, because of the relative ease and acorn 
mammal value of intensity on. tfee target. 

In other pmfwM embodiments of the present invention, radiators 3$, 3? and 40 

elements, as are fcaown in the art. Such sfeerabie elements or arrays generate directional 

rate control circuitry in control console 44. It will be appreciated that jtuch steerable 



ause of the relative ease and accuracy wirh which they may be adjusted to give a 
maximal value of intensity on the target 
30 Figs. 4 A and 4B show another preferred embodiment of the invention, in which 

radiators, preferably phased arrays, are adjusted dynamically daring irradiation, so as to 
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maintain the radiation intensity on the target at a desired value, despite movement of the 
j, 'f ^ \ ! n ,i •> hsnl 

end, is inserted into target area. 14 in the thoracic canty 60 of patient 30, as described above. 
As shown in Fig. 4A, radiators 36, 38 arid 40 are cocrroikd by radiator control circuitry 61, 
which adjusts v Ki <. " i -m o s > v b u<. -w es O s is n \ % 

a maximal value of intensity on target 34 when the thoracic cavity is expanded to ns maximal 
volume, at the peak of inhalahom 

As show it? Fig. 4B, however, when the patient exhales, thoracic volume decreases, 
and the $d|ustm®rst iuiostrsted by dashed lines 62 in Fig. 4A no ionger gives the maximal value 
of intensity on target 34. At the point of minima! thoracic volume, i.e., fnh exhalation, the 
beam directions of radiators 36, 33 and 40 must be readjusted, as indicated by solid hoes 64, to 
give die maximal value of intensity on target 

In a preferred embodiment of the present invention, radiator control circuitry 61 vanes 
the adjustment of radiators 36, 3& and 40 between the directions indicated by dashed lines 62 
and those indicated by solid lines 64 m -response- *e changes in thoracic volume as patient 30 
bread es> Ft ( e ! va - - \ > ? r s 

illustrated by lines 62 and 64 respectively, so. that the radiation intensity on target 34 is at a 
nearly maxima! value during all portions of the respiratory cycle Additional adjustment 
settings in between the two extremes may also be determined and used by the radiator control 
circuitry, if desired, in order to maintain a more nearly maxima! value of intensiry on target 34 
during intermediate portions of the cycle. 

in the preferred embodiment of the present invention shown in Figs. 4.A. and 4B, 
radiator control ciremtry &\ receives respiration signals &om a respiration monitor 66, and 
uses those signals to synchronize the admstmem of radiators 36, 38 and 40 with the respiratory 
cycle, as described above. Respiration monitor 66 may be a bioimpedanee monitor, as is 
kno<v i vi i i < i 

contraction of the thorax from chest electrodes ox, hut other respiration monitors known in the 
art may similarly be used. 

As noted earher. in the above preferred embodiments, described with reference to Figs. 
4A and 4B rasoato^, 36 " et umy„ 

such as phased arrays or mechanically -steerable elements or arrays, whose beam directions 
20 
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may he conveniently and rapidly varied. l«- other preferred embodiments of the present 
invention, using other types of radiators, however, it may he difficult or impossible to 
dynamically adjust radiator characteristics, such as the radiators' positions and orientations, 
that determine the beam directions. 
5 Thus, in one such preferred embodiment of the present Invention, which may he readily 

understood by refers ce F i 4B, radiators 3o, 38 and 40 ire adjusted aj i cated b> sot d 
Sines 64, so as to give a maximal value of intensity on target 34 when thoracic cavity 60 is at or 
near its minimum volume, i.e., immediately Mowing exhalation. Radiator control circuitry 6 = 
drives radiators 36, 38 and 40 to emit intense radiation, at a therapeutic level of irradiation 
I o power, only when the thoracic cavity has contrasted to a volume at or near this minimum, 
atitry determines when to oh • - t adn srs to emit intense 



15 at a low, initialise! of h 



61 may drive radiators 36, 38 and 40 constantly 
intensity measured fey probe sensor 22 at target 
sximal value tor the initial level of irradiation, 

ofkndMta power, Thus, afchoug* thaiadc cavitv 60 is constantly fandStfri by radiators 36, 
38 and 40, the radiators are driven to emit intense radiation only in a restricted period around 
20 me point in the respiratory cycle for which the radiators are adjusted to deliver maximal 
radiation to the target. 

Although the above preferred embodiments have been described with reference to 
t of the radiator characteristics in response to respiratory motion, the inventive 
& of these etabo- 
25 actd/or adjust for other mo 

Thus, for example, in other preferred embodiments of the present invention, useful in 
Nation therapy of the heart, the radiator control circuitry adjusts the characteristics of the 
radmlors in response to movement of the patient's heart in the cardiac cycle. The radiator 
control circuitry may further receive signals from an ECG monitor or other monitors of cardiac 
30 activity known in the art. and use these signals to synchronize irradiation with the heart's 
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In std! other preferred embodiments of the present .invention, usehd in n.,uo. - 
tnerap o i <, 

the radiators in respoxsss to changes due io peristaltic motion of the digestive organs. 

In other preferred embodiments of the present invent-on, useful particularly in 
v-pert srm it !}, 
such as a thermistor or other tsmperatare-sensmg device known m the art, which measures the 
temperature at or adjacent to the target. Preferably the positrons, oneniations, phases and/or 
irradiation power levels of the radiators are adjusted and maintained at a therapeutic level until 
a destred temperature ai the target has been reached m&hx ■ a tamed for a predetermined 
period of tune. 

in one such preferred embodiment* the probe further includes a radiation sensor 23 
(shown in Fig, !h for example for meaauieunm of n ! - ■ ■ g mchs-tmo. for c--;,U- -ore K-nntmg- 
radiat on t so 

microwave irradiation. When a desired temperature has been reached, preferably 42-45°C, 
one or more radiators are driven to irradiate the target with ionizing radiation. It has been 
Oif'M t m I k 

oni g radiatic l! cample. 

In another preferred embodiment of the invention, probe 20 includes a real-tune 
position determining means so that She radiator control circuit can track the location of probe 
20, Several different embodiments are within the scope of the invention, in one embodiment, 
particularly suitable for x-ray and gamma-ray irradiation, the radiators comprise lan 
omnidirectional radiation source and an aperture through winch a narrow beam of radiation Is 
actually emitted. The radiation emitting apertures of the radiators track probe 20 so as io 
deliver a radiation dose to the target tissue for the enhre length of the cycle, Tins may he 
accomplished by reorienting the radiation apertures m real time. In a further preferred 
embodiment of the invention, this entire process of irradiation and reorientation of the 
apertures is combined with a rotation of the radiation source around the patient. Thus, the 
nliaticn dose to heait only d ts effect.. AJl 5 

additionally, the radiator control circuit incorporates a "map" of sensitive tissues which are to 
receive less than an equal share of radiation. The radiator control circuit preferably determines 
the path of radiation from the source to probe 20 for to the target tissue, if the probe is offset 
22 
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from the target tissue) If sensitive tissue* lay along the path, 
momentarily block (or deactivate) the radiation source, so as to lessen the radiation dose to 



In some embodiments of the invention, realigning the imemf-.sight of the radiation 
source may not be simple. For example in ultrasound radiation treatment systems, the line of 
sight is grestiy affected by the type of tissue in the hems path. In one preferred embodiment of 
the invention, calibration data for me radiators is acquired at one position of probe 20, for 
example, end of exhalation. The rsdsstors are then operated only when probe 20 is at or 
relatively near that position. It should fee understood that the position of probe 20 may be 
acquired as m absolute position or as a position of probe 20 relative to a reference position of 
i, if the patient moves, the radiation therapy system can be reoriented to correct 
i movement. Alternatively, calibration data for the radiators are acquired at a 
y of probe positions. The driving scheme of the radiators cm be determined in real 
time gom the set of calibration data based on the position of probe 20, for example, using a 
look-up table, in ^nersi, movement of probe 20 w t»ed in some preferred embodiments of the 

where probe 20 includes a position sensor, It is not necessary for probe 20 to include ft 
radiation sensor, For example, in gamma-ray irradiation, the irradiated area can be determined 
with high precision using geometric calculations, so no radiation sensor is accessary to aim the 
radiators, only a position sensor. 

Another benefi t of using a probe mth a position determination means is that the probe 
may be inserted into the body of a patient and to the target tissue under the guidance of a CT 
image on which the probe position is overlaid. Many radiadon therapy systems include some 

I »ome embodiments of the present mven ion relate nsor 22 
Sensor 22 may be a radiation sensor which is connected to the radiator control circuit by wire 
: , Alternatively, sensor 22 is a wireless sensor which is Implanted at the target 
Thus, some embodiments of the present invention may 



.! of invasiveness and without requiring catheterization of a patient each time r 
therapy Is performed on the pattern. A wireless sensor may he locally energized or may he 
energized from an outside source, such as RF radiadon. Alternatively, sensor 22 may be a 
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CLAIMS 

h A method for optimizing irradiation of a moving target area Inside the body of a 
subject, comprising: 

S providing a probe inside the body, such that at feast a sensing portion thereof is inside 

or adjacent to She moving target area; 

generating one or more radiation fields In a vicinity of the moving target area; 

in; ;< w sensing portion of 

the prabe; and 

10 adjusting at last one of the taction geld* in response to said physical parameter 




25 
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comprises generating at least two radiation tseids. 



5 8. A method m 

fields compnses aiming the 



accordance with claim 7, wherein adjusting at one of the radiator 
radiation ftekfe commonly at the target to 



9. \ s 5 l h claim 7, wherch s 



SO, A method m . 



•■ with any of claims 1-9, wherein i 



e with any of claims 1-9, wherein providing a piobe m fee body 
4iu$teKM&^ of the prshe relative to the 



20 12, A 



s with date n, wherein adjusting at least one of the radiation 
jwmm m response to the displacement of the sensing portion 



! 0 any of claim « sing oast 



one of the 
onss to s 



field in response to t 
'30 between wo or more 



e to o cyclical 



varying the radiation held 
physiological motion. 
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IS . A method m accordance witfa claim. 14, wherein cyclically varying comprises applying 



g receiving s 



17. A method in asecfta with claim 16, wherein receiving signals Native of 
physiological motion comprise* detemtog the position of the S «*U>g portion of the probe, 



10 IS. A method in 

portion of the probe comprises 

* to a refers position coaled to the body. 



with claim if, wherein determining the position of the sensing 
of&s sensing portion of the probe 



19. A method in s 
15 portion of the i«toi 



she tetion of the sensing portion of the probe 



pardon of &e probe comprise 
20 Mfegsn image of the probe. 



1 1% * 



mining the position of the serving 
of the ser*mg portion of the probe 



of the sensing portion of th« probe. 



1 17, 



25 22. A method in accordance w 
tissnes outside of the target area r 



23. A method in acc< 
30 comprises adjusting at 1 



s with claim 22, -» 



field 
Of 
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.5 25, A method in aecdrdasee wsttt claim 

6dd in response so a physiologies! motion comprises dynamically adjm 



26. A method m accordance with cUum 13, wherein dynamically adjusting the radiation 
X o field in response to a physiological mote compri 



t% A method in 
field iarwpcaa* to* 
13 inn^ponsetogastro 



e with claim 13, wherein dynamically 



5 with any of claims h% 



20 29. A method in accordance with any of € 
«, Borises generating a field of e! 



30. A method in accordance with any of claims 1-9, wherein muring a physical 
parameter at the sensing portion of the probe comprises measuring a temperamre ftereai 



31. A method in -a 
gelds eompri 
a desired temperature is ?. 



e with claim 30, wherein adjusting at least one of the 
«r level Of at least one of she one or more radiation & 
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or adjacent to the moving target area; 

generating one or more Nation fi4§vfe« vicinity of the moving target ares; 
determining a relative orientation between said fields and said probe; and 
5 adjusting at least one of the radiation fields in response to said detained 



41. A method according u claim 40, wherein adjusting at least one of the radiation fields 
comprises adjustm* 



42. Apparatus for irradiation of a target inside the body of a * 

a probe, having a physical sensor at a sensing portion thereof, adapted to he h 
kd© the body to a position m or adjacent to the target; 



target including the position of the physical a 
e physical semorme^ow 



wherein at least one of the one or m&m radiators has am or more i 



'S is adjusted in response to a si 



characteristics ©fat least one of the 
byti 



with claim 42, < 



Apparatus in accordance with claim 42, wherein the physical 



3D 45. Apparatus in accordance with claim 42, wherein the physical sensor comprises an 
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46. Apparatus m accordance with claim 42, wherein t 



48. Apparatus m accordance with claim 42, wherein the 
used to convey a therapeutic- substance into the bod; 



probe comprises a kmen, which is 



s the position ofthe at least© 



s comprise the nrieatstkm of the at least one « 



31. Apparatus is accordance with dmm 42, wherein the one or more 
« the pow« level of taction generated by the at least one h 



20 52. Appmto* in accordance with claim 42, wherein at least one of the on? or mors 



wherein the one or more actable, characteristics 
.crated by fee 



e with claim 52, v 



54. Apparatus in accordance with claim 53, wherein the radiators are rouble around the 
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5 56- 



ftus at accordance with any of claims 42-52, wherein at least one of the one or 
s generate a beam with a focal point and wherein the one or m 
comprises the location of the focal point. 

seeortknee with claim 55, wherein the foal point is movable in t 



10 



which adjusts at 
mresponwwsigj 



eny of claims 42-52, 
of the one or mors 



i 5?, v 



in response to motion of the target relative to 



; in* 
e of 



5 58, wherein the 5 



20 60. 



s with ob>- 

5 the image to 



25 



62. 

position 



3 rendu t ' ore r 
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t with any of claims 42-52, wherein the one or i 



5 65. Apparatus in accordance with any of claims 42-52, wherein the one or more radiators 
se 3ph d r 3 



66. Apparatus, in accordance with my of claims 42-52, wherein the oae or more radiators 
icconkftce with any of skims 42,52, vstem the one or more radiators 



& A method of 
15 of*targe« tissue, 



the position of a probe inserted in a first tissue portion, * 



5 the o< t J 



70, A method according ^ claim 68, wherein said first tissue is in p 

71. A method according to claim 68, comprising moving said radiator relative to the first 



71 A method according to any of cknms 68-71, wherein said positive tissue has a 
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